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1. Introduction
5DUHHOHPHQWV DV7DQWDOXP 7D DQG1LRELXP 1E DUH




DV LQGXVWULDOPLQHUDOV LH IHOGVSDUVDQGTXDUW]XVHG LQ
WKHSURGXFWLRQRIFHUDPLFPD\EHYDOXDEOHE\SURGXFWV
RI UDUHHOHPHQW SHJPDWLWH GHSRVLWV H[SORLWDWLRQ HJ
ýHUQê2QHVSHFL¿FFRPPRQIHDWXUHRISHJPDWLWH
¿HOGV LV WKH FOXVWHUHG GLVWULEXWLRQV RI WKH SHJPDWLWHV
ERGLHV >HJ DPRQJ RWKHUV %ODFN +LOOV 6RXWK 'DNRWD
1RUWRQDQG5HGGHQWKH%DUURVR±$OYmR3RUWXJDO
/LPD0DUWLQVDQGWKH)UHJHQDGD±$OPHQGUD
6DODPDQFD 6SDLQ 9LHLUD @ 8S WR QRZ VWXGLHV
GHGLFDWHG WR WKH JHQHVLV RI /&7W\SH SHJPDWLWHV DQG
WR WKHLU UHODWLRQVKLSV ZLWK WKH KRVW URFNV ZHUH PDLQO\
EDVHG RQ PLQHUDORJ\ SHWURORJ\ LVRWRSH JHRFKHPLVWU\




WKDQ RQ D ZKROH SHJPDWLWH ¿HOG 7UXHPDQ DQG ýHUQê
DQGWKHQ/RQGRQSURSRVHGDWKHRUHWLFDO
JHQHWLFPRGHOKLJKOLJKWLQJWKHGHYHORSPHQWRISHJPDWLWH
¿HOGV LQ PDJPDWLF LQWUXVLRQ HQYLURQPHQWV7KLV PRGHO
LPSOLHV WKDW UDUHHOHPHQW SHJPDWLWHV DUH GHULYHG IURP
SDUHQWDOJUDQLWLFVRXUFHVZLWKDFKHPLFDOGLIIHUHQWLDWLRQ
IDYRUHGE\WZRPDLQSURFHVVHVLWKHHQULFKPHQWLQYROD-
WLOHHOHPHQWVHJ/L%H)DQGLL WKH LQFUHDVHRI WKH
IUDFWLRQDWLRQGHJUHHDQGWKHHQULFKPHQWLQUDUHHOHPHQWV




























GLVWULEXWLRQ FOXVWHU DQDO\VLV DOORZV TXDQWLI\LQJ ERWK
L WKH VSDWLDO GLVWULEXWLRQ RI WKH SHJPDWLWH ERGLHV LQ-
FOXGLQJ WKHLU JURXSLQJVFDWWHULQJ DQG DOLJQLQJ IHDWXUHV






RXWOLQHV7KDQNV WRDJRRGTXDOLW\RI WKHGDWD VHWV WKH
9DULVFDQ 0RQWV G¶$PED]DF SHJPDWLWH ¿HOG FRQVWLWXWHV
DQH[FHOOHQW FDVH VWXG\ WR WHVW VXFK VSDWLDO VWDWLVWLFV ,W
KDV WKH SRWHQWLDO WR FRQVWUDLQ LQ SDUWLFXODU WKH VSDWLDO
UHODWLRQVKLSV EHWZHHQ UHFRJQL]HG /&7W\SH SHJPDWLWHV
DQG WKH KRVWLQJ JUDQLWHV DQG IDXOW ]RQHV 'DWD VRXUFHV
KDYH LQFOXGHG SXEOLVKHG SDSHUV JHRORJLFDO PDSV DQG
XQSXEOLVKHG3K'WKHVHVWDNLQJEHQH¿WIURPXUDQLIHURXV





RUGHU WR WHVW L WKH VSDWLDO SUR[LPLW\ EHWZHHQ SHJPD-
WLWHV DQG IDXOWV WUDFH LL WKH RYHUODSSLQJ EHWZHHQ KLJK
IDXOWGHQVLW\DUHDVDQGSHJPDWLWHERGLHVLLLWKHVSDWLDO










2. Geological setting and ield observations












DQG HDVWHUQ HGJHV UHVSHFWLYHO\ %HVLGHV WKH JUDQLWLF
FRPSOH[LVFURVVFXWE\DNPZLGHRQDYHUDJH1(
WUHQGLQJVKHDUHGFRUULGRU )LJD±E0ROOLHUDQG%RX-
FKH]  0ROOLHU DQG /HVSLQDVVH  &XQH\ HW DO
+RWWLQHWDO%DVHGRQPDJPDWLFIROLDWLRQV
WUHQGV WKHVH DXWKRUV UHFRJQL]HG WKDW GHIRUPDWLRQ RF-
FXUUHG±DWOHDVWSDUWLDOO\±GXULQJJUDQLWHHPSODFHPHQW
%HVLGHVDZHOOGHYHORSHGQHWZRUNRI1(WUHQGLQJ
EULWWOH IDXOWV KDV DOVR EHHQ GHVFULEHG LQ WKLV SDUWLFXODU
DUHD HJ &DWKHOLQHDX HW DO  &XQH\ HW DO 
6FDLOOHWHWDO
7KLV SHUDOXPLQRXV FRPSOH[ ZKLFK ZDV GHULYHG E\
PHOWLQJ RI FRQWLQHQWDO FUXVWDO FRPSRQHQWV HJ 9LGDO













JUDLQHG JUDQLWLF VWRFNV ZHUH HPSODFHG DW ± 0D
&XQH\ HW DO  7KHVH VPDOO JUDQLWLF FXSRODV DUH
PRUH SHUDOXPLQRXV IUDFWLRQDWHG DQG HQULFKHG LQ VRPH
LQFRPSDWLEOHHOHPHQWVHJ8/LWKDQȖFRDUVHJUDLQHG
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JUDQLWH &XQH\ HW DO 7KHVH GLIIHUHQFHV DUH DOVR






















Fig. 1a – *HRORJLFDOPDSRI6DLQW6\OYHVWUH*UDQLWLF &RPSOH[66*&DQG ORFDOL]DWLRQRI WKHUHFRJQL]HGSHJPDWLWHV:KLWHGRWWHGOLQHVLOOXVWUDWH
WKHODUJHVKHDUHGFRUULGRUHJ0ROOLHUDQG%RXFKH]  0ROOLHU DQG /HVSLQDVVH  &XQH\HWDO+RWWLQHWDOb – Zoom on 
0RQWVG¶$PED]DFSHJPDWLWH¿HOGDQGWKHȖ)DQD\DQGȖ/HV6DJQHVJUDQLWLFLQMHFWLRQVORFDWHGLQWKLVSDUWRIWKH6DLQW6\OYHVWUHJUDQLWH
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2.2. The Monts d’Ambazac rare-element 
pegmatite ield
7KH0RQWVG¶$PED]DFUDUHHOHPHQWSHJPDWLWH¿HOG±DW
OHDVW SDUWO\ ± EHORQJV WR WKH VDPH UDUHHOHPHQW PDJ-




$OO WKHVH PDJPDWLF ERGLHV EHORQJ WR D UDUH











of the Chèdeville district,KRVWHGLQWKHSDUDXWRFKWKRQRXV
PHWDPRUSKLF XQLW 5DLPEDXOW  )LJ E WKH UDUH
PHWDOSHJPDWLWHVRI0RQWVG¶$PED]DFDUHDOOFRQ¿QHG
LQWR WKH FRDUVHJUDLQHG Ȗ JUDQLWH )LJ D 'XULQJ
¿HOGZRUN  SODQH PHDVXUHPHQWV RI WKH SHJPDWLWH±Ȗ









GLVWLQJXLVK IRXU GLVWLQFW W\SHV L RQ D VFDOH RI RQH FP




ZLWK RQH RU PRUH P OD\HUHG DSOLWLF XQLWV 6./ DQG
¿QDOO\ LYRQDVFDOHRI WHQP 1D±/LDSOLWH±SHJPDWLWH
W\SH6/ZLWKVLPLODUSURSRUWLRQVRIDSOLWHVDQGSHJPD-
WLWHV IRUPLQJ G\NHV LH VKDUS DQG SODQDU FRQWDFW ZLWK
WKH KRVW JUDQLWH %DVHG RQ D FRPELQDWLRQ RI DYDLODEOH
JHRFKHPLFDO DQG SHWURORJLFDO GDWD HJ 3HUULHU 
3DWXUHDX5DLPEDXOWZLWKQHZREVHUYDWLRQV
DQGXVLQJWKHýHUQêDQG(UFLW¶VW\SRORJ\WKHVH








FHVVRULHV GRPLQDWHG E\ SKRVSKDWH PLQHUDOV KDV EHHQ












WDQWDOLWH WRSD] DPEO\JRQLWH PRQWHEUDVLWH PRQD]LWH
QLRELXPUXWLOHDQGUXEHOOLWH5DLPEDXOW





3. Spatial distribution analysis of pegmatites
,Q WKLV VWXG\RFFXUUHQFHVRISHJPDWLWHVKDYHEHHQ
FRPSLOHGIURPDOOSXEOLFDWLRQVDQGGDWDVRXUFHVDYDLODEOH
RQ WKH 0RQWV G¶$PED]DF SHJPDWLWH ¿HOG HJ 3HUULHU















6HYHUDO PHWKRGV KDYH EHHQ SURSRVHG IRU DQDO\]LQJ
WKH VSDWLDO SDWWHUQ RI SRLQW VHWV ZLWK DSSOLFDWLRQV WR
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SOLHG WRYDULRXV UHVHDUFK WRSLFV VXFKDV DPRQJRWKHUV
PLQLQJH[SORUDWLRQHJ&DUUDQ]DE0DPXVHHWDO
















       
ZKHUH ݎ௢ഥ ݎாഥ LV WKH REVHUYHG DYHUDJH '11 YDOXH  PKHUHDQGݎ௢ഥ ݎாഥ  DYHUDJH'11YDOXHDVH[SHFWHGIRUDSXUHO\UDQGRPVSDWLDOGLVWULEXWLRQZLWK
     
ȡEHLQJWKHSRLQWGHQVLW\DFURVVWKHVWXG\DUHDH[SUHVVHG







WKH REVHUYHG DYHUDJH '11
PLVFOHDUO\OHVVWKDQWKH
H[SHFWHG YDOXH  P )LJ
D7KHFDOFXODWHG5YDOXHRI
 )LJ E SURYHV WKH KLJK
FOXVWHULQJ GHJUHH RI WKH SHJ-
PDWLWH RFFXUUHQFHV WKURXJKRXW
WKH 0RQWV G¶$PED]DF ILHOG
LHGDWDSRLQWVDUHDERXWWKUHH
WLPHVFORVHUWRHDFKRWKHUWKDQ










VFDOHVDQG LWKDVEHHQXVHGH[WHQVLYHO\ IRU LQVWDQFH LQ
ELRORJ\HJ.LVNRZVNLHWDO5R]DVHWDO








SRLQWV ZLWKLQ D QHLJKERULQJ GLVWDQFH U RI WKH L SRLQW
IURP WKH GDWD VHW DQG ȡ LV WKH RYHUDOO SRLQW GHQVLW\
YDOXH
6LWXDWLRQV RQ YDULRXV VFDOHV DUH WKXV H[SORUHG ZLWK
FKDQJLQJ U LQ WKH IXQFWLRQ )LJ F ,Q WKH VDPH ZD\
WKHWKHRUHWLFDOYDOXHRIWKLVIXQFWLRQIRUDIXOO\UDQGRP
VSDWLDO GLVWULEXWLRQ LV ʌU DQG WKH¿UVW GHULYDWLYHRI WKH
.IXQFWLRQLV
     
)LQDOO\ WKH VHFRQG GHULYDWLYH /¶ RI WKH IXQFWLRQ LV
GHWHUPLQHGLQRUGHUWR¿[D]HURYDOXHIRUWKHUHIHUHQFH
UDQGRPGLVWULEXWLRQ)LJF
      
5 ௥೚തതത௥ಶതതതത 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max = 19.05 %
Mean dir.: 15.4°
95 % conf.: ±16.3°
Stereonet pegmatites n = 21
Equal-area, lower hemisphere
15.4°
Fig. 2a – 6WHUHRJUDSKLF SURMHFWLRQ RI
 SHJPDWLWHV VWULNHV PHDVXUHG GXU-
LQJ ¿HOG FDPSDLJQ IURP  SHJPDWLWH










/¶U L(r) െ r 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5LSOH\¶V/¶IXQFWLRQWKXVIDFLOLWDWHVWKHLQWHUSUHWDWLRQV































ORFDWLRQV ZKHUH SHJPDWLWHV ZHUH HPSODFHG$ VSDWLDO
VWDWLVWLFDO DSSURDFK LV WKHUHDIWHU GHYHORSHG LQ RUGHU WR
KLJKOLJKWVXFKSRWHQWLDOUHODWLRQVKLSV
4. The pegmatites–host lithologies– 
structures spatial relationships
,Q WKH 0RQWV G¶$PED]DF DUHD VRPH RI WKH ROG XQGHU-
JURXQG ZRUNV DUH H[FHSWLRQDOO\ ZHOO SUHVHUYHG ZKLFK
IDFLOLWDWH PLQHUDORJLFDO DQG SHWURORJLFDO VWXGLHV ZLWKLQ




GHVWUR\HG E\ WKH SDVW DUWLVDQDO DQG VPDOOVFDOH PLQLQJ
DFWLYLW\)URPWKHRFFXUUHQFHVDVUHIHUHQFHGIURPROG
ZRUNVDQGOLWHUDWXUHRQO\FDQFXUUHQWO\EHWKHVXEMHFW
RI VWUXFWXUDO PHDVXUHPHQWV )LJ  7KXV LQ RUGHU WR
GLVFXVVWKHSRWHQWLDOVWUXFWXUDOFRQWURORQSHJPDWLWH¿HOG





$V VKRZQ EHORZ YDULRXV VSDWLDO VWDWLVWLFDO SDUDPHWHUV






































































































































R ratio= observed average DNN / expected* average DNN
* considering a theoretical random scattering of the points
all type pegmatites
K type pegmatites




WDQFH1HDUHVW1HLJKERU '11 IRU WKHSHJPDWLWHV FRQVLGHUHG LQ
WKHZKROH66*&WKHPELQVL]HRIWKHKLVWRJUDPUDQJHVLV¿[HG
IROORZLQJWKH6WXUJHV¶VODZ6WXUJHVb –5DWLR5(1)FRPSXWHG
IURP WKH observed average '11 YDOXH RYHU WKH expected* average 
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LQFOXGLQJ SRLQWV VHW SHJPDWLWHV ORFDWLRQ OLQHV IDXOWV
DQGVKHDU]RQHVDQGSRO\JRQVPDSSHGJHRORJLFDOXQLWV
4.1. Methodology
4.1.1. Choice of analyses
6HYHUDO PHWKRGRORJLHV KDYH DOUHDG\ EHHQ GHYHORSHG
DQG SURSRVHG IRU SURVSHFWLYLW\ PDSSLQJ XVLQJ *,6
.QR[5RELQVRQ DQG *URYHV  %RQKDP&DUWHU
&DUUDQ]DEDQGUHIHUHQFHVWKHUHLQ7KHFODV-
VLFDO PHWKRGV XVHG LQFOXGH Boolean PHWKRGV weight 

















XQLWV RQH FRXOG URXJKO\ HVWDEOLVK WKH SRWHQWLDO VSDWLDO








&DUUDQ]DD. 6RPHRI WKH FODVVLF VSDWLDO VWDWLVWLFDO
WHVWVWKDWFDQEHXVHGLQFOXGHLIUHTXHQF\DQDO\VLVRIWKH
VKRUWHVWGLVWDQFHPHDVXUHGEHWZHHQIDXOWVRUVKHDU]RQHV
OLQHV DQG GHSRVLWV SRLQWV LL IUHTXHQF\ DQDO\VLV RI
WKH VKRUWHVW GLVWDQFH PHDVXUHG EHWZHHQ LQWHUVHFWLRQV
RIWKHIDXOWVSRLQWVDQGGHSRVLWVSRLQWVLLLIUHTXHQF\
DQDO\VLV RI WKH IDXOWV RU VKHDU]RQH VSDWLDO GHQVLW\ DW
ORFDWLRQRIWKHLQGLYLGXDOGHSRVLWVLYIUHTXHQF\DQDO\VLV
RI WKH VKRUWHVW GLVWDQFH PHDVXUHG EHWZHHQ JHRORJLFDO
XQLWERXQGDULHVOLQHVDQGGHSRVLWVSRLQWVDQGYIUH-
TXHQF\ DQDO\VLV RI FURVVFXWWLQJ UHODWLRQVKLSV EHWZHHQ
WKH GLIIHUHQW W\SHV RI JHRORJLFDO XQLWV SRO\JRQV DQG
GHSRVLWV SRLQWV 7HFKQLTXHV IRU WKH DQDO\VLV RI WKH






































D 1RUPDO 'LVWULEXWLRQ 1' LH VKRZLQJ QR DQRPDO\
IRU WKHRYHUDOOFODVVHV )LJE7KXV LQ WKLVV\QWKHWLF
H[DPSOHGHSRVLWVDUHVWDWLVWLFDOO\QRWORFDWHGDQ\FORVHU










alone that the lithological unit AFRQWDLQVWKHPDMRULW\RI
WKHPLQHUDOGHSRVLWVDQGZRXOGKDYHWKXVFRQWUROOHGLQ
RQHZD\RUWKHRWKHUWKHLUGHYHORSPHQW)LJF+RZ-
HYHU FRPSDULVRQRI WKH WZRKLVWRJUDPV VKRZV WKDW WKH
























































Characterization of a Normal Distribution (ND) Characterization of an High Anormal Distribution (HAD)
(b) (c)
WKUHH¿UVW$%DQG&OLWKRORJLFDO W\SHVGLVSOD\VLPLODU
RU HYHQ OHVV VDPSOHG IUHTXHQF\ YDOXHV WKDQ WKH UHIHU-
HQFH RQH KHUH FRPSXWHG DV WKH UHODWLYH VXUIDFH DUHDV







RI WKHZKROH VXUIDFHRIJHRORJLFDOPDS )LJD
F7KHUHE\LWDSSHDUVWKDWWKHOLWKRORJLFDOXQLW'FOHDUO\
FRQWUROVWKHHPSODFHPHQWRIGHSRVLWV












RI D IUHTXHQF\ GLVWULEXWLRQ D 1RUPDO 'LVWULEXWLRQ RI
the pegmatites) ND IRUDVDPSOHG WRUHIHUHQFH GLVWULEX-
WLRQUDWLR/RZ$EQRUPDO'LVWULEXWLRQ/$'IRU
D UDWLR ZLWKLQ WKH UDQJH > > DQG +LJK$EQRUPDO
'LVWULEXWLRQ+$' IRUDUDWLRYDOXH$VDQH[DPSOH
WKH SHJPDWLWHV IUHTXHQF\ GLYLGHG E\ WKH OLWKRORJ\ '




7ZR VXSSOHPHQWDU\ GDWD VHWV DUH LQWHJUDWHG LQ WKH *,6
GDWDEDVH SRO\JRQV GLVSOD\LQJ WKH VSDWLDO H[WHQW RI
OLWKRORJLFDOXQLWVDFURVV WKHDUHDDQG OLQHV UHSUHVHQWLQJ
PDSSHGIDXOWV$IWHUFRPSLODWLRQRIWKHGDWDDOOVHWVKDYH
EHHQ KRPRJHQL]HG LQ D FRPPRQ Lambert Conformal 
ConicSURMHFWLRQRGF93GDWXPWRLQVXUHWKHSUHFLVLRQ
UHTXLUHGIRUVSDWLDOVWDWLVWLFVFDOFXODWLRQ
*HRORJLFDO ERXQGDULHV RI WKH OLWKRORJLFDO XQLWV DUH
H[WUDFWHG IURP WKHJHRORJLFDOPDSRI)UDQFH












ORFDWLRQV LQ WKH 66*& ZKLOH WKH Ȗ JUDQLWLF IDFLHV LV
UHSUHVHQWHG E\ D VLQJOH SRO\JRQ )LJ E7KHVH XQLWV
FRUUHVSRQG WR DQ DUHD RI  NPð VXUIDFH LQWHJUDWHG LQ
WKDWFDVHDQGNPðUHVSHFWLYHO\)LJD±E
7KHIDXOWVVHWLVDOVRFRPSLOHGIURPWKH geological map 
RI)UDQFHWKHVDPHVKHHWVDVDERYH)RUHDFK





ZLWKPXOWLPRGDOGLVWULEXWLRQV VHH URVHGLDJUDP LQ)LJ










17KHVH GLUHFWLRQ IDPLOLHV DUH IXUWKHU WUHDWHG DV











































































































































Fig. 5 'RPDLQDOGLVWULEXWLRQRIH[WUDFWHGIDXOWVWULNHYDOXHV LQ WKH66*&5RVHGLDJUDPLOOXVWUDWHV WKHVDPHIDXOWVWULNHGLVWULEXWLRQLQ WKH
1±1UDQJH
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4.3. Proximity analysis between pegmatites 






P JUH\ EDUV LQ )LJ D7KH ¿UVW >± P > GLVWDQFH
















7KH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR  P
DQG IURP  WR   P IRU WKH UHIHUHQFH GLVWULEXWLRQ
)LJ E7KH >± P >GLVWDQFH FODVV VKRZV WKDW WKH















7KH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR  P
DQG IURP  WR  P IURP WKH UHIHUHQFH GLVWULEXWLRQ
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SHJPDWLWHV IUHTXHQF\ YDOXH   LV KLJKHU WKDQ WKH
UHIHUHQFH RQH  7KH SHJPDWLWHV GLVWULEXWLRQ WR
WKH UHIHUHQFHGLVWULEXWLRQ UDWLR LVYHU\KLJK  DQG
WKXVWKHSHJPDWLWHVGLVWULEXWLRQFDQEHFRQVLGHUHGDVD
+$'$JDLQ WKLV KLJKOLJKWV WKDW %IDXOWV KDYH DQ DS-
SDUHQWFRQWURORQWKHSHJPDWLWHV ORFDWLRQLQ WKH>±
P >GLVWDQFH FODVV7KHQ LQ WKH >± P >GLVWDQFH







)LQDOO\ WKH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR
 P ZKHUHDV WKH UHIHUHQFH GLVWULEXWLRQ LV EURDGHU
IURPWRP)LJG7KH>±P>GLVWDQFHFODVV








$W ODUJHU GLVWDQFH IURP &IDXOWV LQ WKH >± P




$V D ZKROH WKH SHJPDWLWHV GLVWULEXWLRQ LV VSDWLDOO\
FRQWUROOHGE\WKH$IDPLO\IDXOWVRULHQWHGLQWKH1(±
1(WUHQGFODVV,QGHHGRISHJPDWLWHVVHWDUH
VSDFHG OHVV WKDQ  P IURP DQ$IDXOW 1HYHUWKHOHVV
VRPH SHJPDWLWH RFFXUUHQFHV DUH VSDWLDOO\ UHODWHG WR
% DQG &IDXOWV ZKHQ WKH GLVWDQFH LQFUHDVHV EHWZHHQ
>±P>GLVWDQFHUDQJHDQGEH\RQGP
4.4. Spatial relationships between pegmatites 





4.4.1. All fault families






















,Q WKH >±>GHQVLW\ UDQJH WKHSHJPDWLWHV IUHTXHQFLHV
DUHDOOVLPLODUWRRUORZHUWKDQWKHUHIHUHQFHYDOXHVDQG
WKHVDPSOHGSHJPDWLWHVGLVWULEXWLRQFDQWKXVEHUHJDUGHG
DV D 1' +RZHYHU EH\RQG  GHQVLW\ DOO SHJPDWLWHV
IUHTXHQFLHV DUH KLJKHU WKDQ WKH UHIHUHQFH YDOXHV 7KH







UHIHUHQFH GLVWULEXWLRQ ZLWK D PD[LPXP GHQVLW\ RI 
)LJJ$WWKHORZHVWGHQVLWLHV>±>WKHSHJPDWLWHV




UHJDUGHG DV D +$' DQG WKLV FRQ¿UPV WKDW WKH %IDXOWV
GHQVLW\KDVDQDSSDUHQWFRQWURORQWKHSHJPDWLWHORFDWLRQV
+RZHYHU QRWH WKDW RQO\   RI SHJPDWLWHV DUH





The SHJPDWLWHV IUHTXHQF\ GLVWULEXWLRQ LV QDUURZHU
± WKDQ WKH UHIHUHQFH RQH ZLWK D PD[LPXP GHQ-
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VLW\ RI  )LJ K ,Q WKH >±>GHQVLW\ UDQJH WKH
pegmatite IUHTXHQFLHV DUH VLPLODU WR RU ORZHU WKDQ
WKHUHIHUHQFH YDOXHV7KXVWKHSHJPDWLWHVIROORZD1'





WKH >±>GHQVLW\ FODVV 7KLV GHPRQVWUDWHV WKDW WKH
SHJPDWLWHVIROORZD+$'DQGWKDWWKH&IDXOWVGHQVLW\
KDV DQ DSSDUHQW FRQWURO RQ WKH SHJPDWLWHV ORFDWLRQV
6RPH   RI SHJPDWLWHV DUH ORFDWHG LQ GRPDLQV RI
KLJK &IDXOWV GHQVLW\ ZKLFK UHSUHVHQW D ORZHU VXUIDFH
WKDQGRPDLQVRI ORZ&IDXOWVGHQVLW\FRQWDLQLQJ
RIWKHSHJPDWLWHV
,Q FRQFOXVLRQ WKH ORFDWLRQ RI WKH SHJPDWLWH ERG-
LHVVHHPVPDLQO\FRQWUROOHGE\]RQHVRIKLJK$IDXOWV
GHQVLW\+RZHYHUDQGRIWKHPDUHVSDWLDOO\
DVVRFLDWHG ZLWK WKH KLJKHVW % DQG &IDXOWV GHQVLWLHV
UHVSHFWLYHO\ )LJ J±K 7KHVH UHVXOWV DUH FRQVLVWHQW
ZLWK WKH SUHYLRXV VSDWLDO SUR[LPLW\ DQDO\VLV EHWZHHQ
WKH SHJPDWLWHV DQG$ % DQG & IDXOW IDPLOLHV ,W LV
DOVR UHDVRQDEOH WR DVVXPH WKDW ]RQHV RI LQWHUVHFWLRQV
RI VHYHUDO IDXOWV RI WKHVH W\SHV DUH PRUH IDYRUDEOH WR
KRVW SHJPDWLWHV WKDQ WKH UHJLRQV ZLWK RQO\ LVRODWHG
VWUXFWXUHV
4.5. Spatial relationships between pegmatites 
and fault- intersection points
+HUH WKH DVVRFLDWLRQ RI WKH VKRUWHVW PHDVXUHG GLVWDQFH





7KH VDPSOHG SHJPDWLWHV DQG UHIHUHQFH GLVWULEXWLRQV
H[WHQGIURPWRPDQGWRPUHVSHFWLYHO\
7KH >± P >GLVWDQFH UDQJH VKRZV WKDW WKH SHJ-




6LPLODU GLVWULEXWLRQV DUH REVHUYHG DW ODUJHU GLVWDQFHV
>± P >DQG >± P >GLVWDQFH FODVVHV
EHWZHHQSHJPDWLWHVDQGIDXOWV LQWHUVHFWLRQVEXW WRRIDU








4.6. Spatial relationships between pegmatite 
types and ǲ2–ǲ3 granitic facies





PHDVXUHG EHWZHHQ Ȗ DQG Ȗ JUDQLWLF XQLWV DQG RFFXU-
UHQFHVHDFKRIWKHSHJPDWLWHW\SHV)LJ
4.6.1. Distance from the ǲ2 (Fanay granite) 
K-type pegmatites GLVWULEXWLRQH[WHQGVIURPWR
PZKHUHDVWKHUHIHUHQFHGLVWULEXWLRQLVPRUHH[WHQVLYH




D +$' LQ WKH >± P >GLVWDQFH UDQJH +RZHYHU
QRWHWKDWRQO\RISHJPDWLWHVDUHORFDWHGDWDGLVWDQFH
OHVVWKDQPIURPWKHȖJUDQLWLFXQLW6RWKLVVKRZV






7KLV GLVWULEXWLRQ LV FKDUDFWHUL]HG E\   RI S.W\SH
SHJPDWLWHVORFDWHGLQWKH>±P>GLVWDQFHUDQJH
7KLVKLJKOLJKWVWKDWWKHȖJUDQLWLFXQLWKDVDQDSSDUHQW





P DQG WKH UHIHUHQFH GLVWULEXWLRQ XS WR  P )LJ
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EHORFDWHGIXUWKHUWKDQNPXSWRNPIURPWKH
ȖJUDQLWH7KHUHE\DOO SHJPDWLWHV W\SHVRYHUODS LQ WKH
VDPHGLVWDQFHUDQJHIURPȖJUDQLWHGLVWDQFHVEHWZHHQ




4.6.2. Distance from the ǲ3 (Les Sagnes  
granite) unit
K-type pegmatites GLVWULEXWLRQ LV YHU\ EURDG ± NP
DQG ± NP IRU WKH UHIHUHQFH GLVWULEXWLRQ )LJ H
,Q FRQWUDVW WR )LJ D DQ\ .W\SH SHJPDWLWH LV ORFDWHG
OHVV WKDQ  NP IURP WKH Ȗ /HV 6DJQHV JUDQLWH 7KH
KLJKHVWSHJPDWLWHIUHTXHQF\LVREVHUYHGLQWKH
>±P>GLVWDQFHFODVV
SK-type pegmatites GLVWULEXWLRQ UDQJHV IURP  WR 
NP DQG IURP  WR  NP IRU WKH UHIHUHQFH GLVWULEXWLRQ
)LJI$VZHFDQREVHUYHLQ)LJHQR pegmatite is 
ORFDWHGDWDGLVWDQFHOHVVWKDQNPIURPȖ/HV6DJQHV
JUDQLWH 0RUHRYHU WKH KLJKHVW SHJPDWLWH IUHTXHQF\
LVREVHUYHGLQWKH>±P>GLVWDQFHFODVV
SK-L type pegmatites GLVWULEXWLRQ LV WKH VDPHDV WKH
6.W\SH SHJPDWLWHV GLVWULEXWLRQ )LJ J DQG H[WHQG-
LQJ IURP  WR  NP7KH SHJPDWLWHV DUH WKH PRVW IUH-
TXHQW   LQ WZR GLVWDQFH FODVVHV >± NP >DQG
>±NP>














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GHYLDWLRQDO HOOLSVH FHQWHUHG RQ WKH EDU\FHQWHU RI HDFK
FOXVWHULVFRPSXWHG7KHDQJOHRIVWULNHRILWVORQJD[LV
JLYHVWKHGLUHFWLRQRIWKHSRLQWV¶DOLJQPHQW)LJD
,Q WKH FDVH RI WKH 0RQWV G¶$PED]DF SHJPDWLWHV
ILHOGWZR05'YDOXHVDQGKDYHEHHQWHVW-
HGIROORZLQJWKHSUHOLPLQDU\DQDO\VLVRIWKHSHJPDWLWHV
GLVWULEXWLRQ LQ 6HFWLRQ $OO WKH VWDWLVWLFV FRPLQJ
IURPWKLVFOXVWHUDQDO\VLVDUHFRPSLOHGLQ7DE)LUVW




RIP ,WV WUHQG LVZKLFKEHORQJV WR WKH$
IDXOWWUHQGFODVV7KH05'YDOXHRIPZDVXVHG




,'DQGDUH WKHPRVW UHSUHVHQWDWLYHRI WKH.W\SH
SHJPDWLWHGLVWULEXWLRQZLWKDQGSHJPDWLWHSRLQWV
UHVSHFWLYHO\7KHVH WZRFOXVWHUV DUHRULHQWHGa1





E\RQO\RQHFOXVWHURULHQWHG LQ WKH VDPHGLUHFWLRQDV
$IDXOW WUHQG FODVV 1 &RQVHTXHQWO\ ZH LQIHU
WKDWWKHFOXVWHUVWUHQGRI.DQG6./SHJPDWLWHVHWVLV
SDUDOOHO WR WKH$IDXOW WUHQG FODVV7KLV UHVXOW LV DOVR
REVHUYHGRQODUJHVFDOHFOXVWHULQJGLVWDQFH P
ZLWKDOOFRQVLGHUHGSHJPDWLWH W\SHV)LQDOO\6/W\SH
SHJPDWLWHV DUH JDWKHUHG LQ WKH VDPH FOXVWHU RULHQWHG
17KLV WUHQG GRHV QRW FRUUHVSRQG WR DQ\ RI WKH
UHFRJQL]HG IDXOW IDPLOLHV 7KXV ZH VXJJHVW WKDW WKH




6. Summary and interpretations 
)RXUJURXSVRISHJPDWLWHVGH¿QHGDV.EHU\O±FROXPELWH
VXEW\SH6.EHU\O±FROXPELWHWREHU\O±FROXPELWH±SKRV-
SKDWHV VXEW\SHV 6./ EHU\O±FROXPELWH±SKRVSKDWHV
VXEW\SHDQG6/OHSLGROLWHVXEW\SHW\SHVZHUHHPSODFHG
ZLWKLQWKH66*&2QO\VRPHSHJPDWLWHVRI6/W\SHDUH
ORFDWHG LQ FRXQWU\ URFNV RI WKH 66*& RII LWV VRXWKHUQ
HGJH,QDPDSYLHZSHJPDWLWHVWKDWFRPSRVHWKHZKROH
¿HOGDSSHDUDVFOXVWHUHGZKLFK LVDYHU\FRPPRQIHD-
WXUH RI PRVW SHJPDWLWH ¿HOGV ZRUOGZLGH 6XFK IHDWXUH
LVGHPRQVWUDWHGWKURXJKRXWWKHSUHVHQWVWDWLVWLFDOVWXG\
'LVWDQFH WR 1HDUHVW 1HLJKERU DQDO\VLV DYHUDJH '11
   P DQG 5 UDWLR    DQG 5LSOH\¶V /¶IXQFWLRQ
FRPSXWDWLRQVGLVFORVHDSURPLQHQWFOXVWHULQJGLVWULEXWLRQ
RISHJPDWLWHV IRU D05'XS WRP$SDUWLFXODUO\
KLJKFOXVWHULQJUDWHLVLGHQWL¿HGIURPWRP7HQ
SHJPDWLWHFOXVWHUVDUHGH¿QHGIRUD05'¿[HGDW
P 7DE $OWRJHWKHU WKHVH UHVXOWV GHPRQVWUDWH WKDW
SHJPDWLWHVDUHKLJKO\FOXVWHUHGDQGWKDWFOXVWHULQJRFFXUV
RQDOOVFDOHVXSWRP
:H DOVR DQDO\]HG WKH VKDSH DQG VSDWLDO WUHQG RI WKH
FOXVWHUV ZLWK UHVSHFW WR WKH IDXOW WUHQGV 7DE  )RXU
FOXVWHUVUHSUHVHQWLQJRIDOOSHJPDWLWHVGLVSOD\D
VLPLODU WUHQGDV$IDXOW IDPLO\ 1(ZKHUHDV IRXU
FOXVWHUV UHSUHVHQWLQJ RQO\   RI DOO SHJPDWLWHV
SUHVHQWDVLPLODUWUHQGDV%DQG&IDXOWIDPLOLHV6RPH
  RI SHJPDWLWHV DUH LVRODWHG SRLQWV RU EHORQJ WR







VHW GLVWULEXWLRQ LV FOXVWHUHG DQG PDLQO\ RULHQWHG LQ WKH
$IDXOWVWUHQG
7KH VSDWLDO VWDWLVWLFDO DQDO\VLV VKRZV WKDWRI
WKH SHJPDWLWHV RFFXU DW OHVV WKDQ  P IURP DQ$
W\SHIDXOWLH>1(±1(>UDQJH)LJE7KLV
UHVXOWLVFRQILUPHGE\WKHVSDWLDOFRUUHODWLRQEHWZHHQ
WKH SHJPDWLWHV RFFXUUHQFHV   DQG WKH KLJKHVW
IDXOWGHQVLWLHV)LJI0RUHRYHUWKLVIDXOWVULFK]RQH
Ö
Fig. 8a – &OXVWHUV¶ VSDWLDO H[WHQW DQG WUHQG FRPSXWHG LQ WKH ZKROH
66*&IRUHDFKRIWKHSHJPDWLWHW\SHV.6.6./DQG6/1XPEHU
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IRUPVDEDQGVXSHULPSRVHGLQWKHVKHDUHGFRUULGRULQ
WKH FHQWUDO SDUW RI WKH 66*& )LJ D 7KH DYHUDJH
1$IDXOW GLUHFWLRQ LV DOPRVW SDUDOOHO ZLWK WKLV
FRUULGRU )LJ D±E 7R FRQFOXGH UHVXOWV IURP WKLV
VWXG\LPSO\LDSUHIHUUHGVSDWLDODVVRFLDWLRQEHWZHHQ
SHJPDWLWHV DQG$IDPLO\ IDXOWV LL D FRUUHODWLRQ RI
SHJPDWLWHV ZLWK WKH KLJKHVW$IDPLO\ IDXOWV GHQVLW\
DQGLLLDSDUDOOHOLVPEHWZHHQ$IDXOWVDQGSHJPDWLWH
FOXVWHUV WUHQGV7KXV D FOHDU VSDWLDO UHODWLRQVKLS EH-




PDWLWHV DUH REVHUYHG LQ WKH UDQJHV ± P DQG
± P UHVSHFWLYHO\ +RZHYHU WKH FRQWURO RI
% DQG &IDXOWV RQ WKH ORFDWLRQ RI WKH SHJPDWLWHV KDV
EHHQ SUHYLRXVO\ GH¿QHG DV PLQRU   DQG  
DVVRFLDWHG UHVSHFWLYHO\ FRPSDUHG WR$IDXOWV 7KXV
ZH VXJJHVW WKDW WKH HPSODFHPHQW RI SHJPDWLWHV DORQJ
%DQG&IDXOWVWUHQGLVSRVVLEOHEXWWKHPRVWIDYRUDEOH
FRQ¿JXUDWLRQ WR ORFDOL]HSHJPDWLWHV LV WKH FRPELQDWLRQ
RIWKHWZRSDUDPHWHUVKLJKGHQVLW\RI%RU&IDXOWVDQG
WKH SUR[LPLW\ WR$W\SH IDXOWV +RZHYHU WKLV GRHV QRW







W\SHV . 6. 6./ DQG 6/ RYHUODS DQG LL PD[LPXP
IUHTXHQF\YDOXHVVWDQGIRUUDWKHUODUJHGLVWDQFHVaNP




GLIIHUHQW IURP WKHRWKHU RQHV)ROORZLQJ¿HOGREVHUYD-
WLRQVDOOSHJPDWLWHRFFXUUHQFHVRIWKHChèdeville district 
)LJEGLVSOD\DVKDUSFRQWDFWZLWKWKHKRVWURFNVLH
Ȗ JUDQLWH DQG PHWDPRUSKLF URFNV ,W VKRXOG EH QRWHG




A-faults’ density (> 0.8)
clusters pegmatites
γ2 and γ3 granitic plugs
(a)
N0° A family class
B family class
clusters trend parallel
to the A faults
~500 m
Schematic model showing High Anomalous Distribution
of pegmatites in the vicinty of A-type faults and the high
density of B- or C-type faults
C family class
(b)
0 2.5 5 km
C






















































WKH SHJPDWLWH FOXVWHUV LL D ³WUDS´ PRGHO ZLWK GLVSHU-
VLRQRIWKHSHJPDWLWHVEHLQJFRQWUROOHGE\WKHRQHRIWKH

































WR WKH PHGLDO VKHDUHG FRUULGRU ± ZKLFK KDV EHHQ LQWHU-
SUHWHGDVD³ULJKWODWHUDOPDJPDWLFVKHDU]RQH´)LJD
HJ0ROOLHUDQG%RXFKH]0ROOLHUDQG/HVSLQDVVH
 &XQH\ HW DO  +RWWLQ HW DO  6WULNH RI
Tab. 1 5HYLHZRIGLIIHUHQWFDOFXODWLRQVSHUIRUPHGWRUHDOL]HWKHFOXVWHUV
DXWRPDWLF PDSSLQJ RI DOO SHJPDWLWHV DQG HDFK SHJPDWLWH W\SHV ZLWK
FOXVWHULQJGLVWDQFHVRIDQGPUHVSHFWLYHO\
JURXS,' QRRISRLQWV SHUFOXVWHU WUHQG WUHQGFODVV
 ellipse shape  
UDWLR
DOOSHJPDWLWHV>PFOXVWHULQJGLVW@
   $ 
   d 
   C 
   – –
   – –
W\SH.SHJPDWLWHV>PFOXVWHULQJGLVW@
   $ 
   $ 
   – 1.0
   $ 
   C 
   % 
   C 
   – –
   – –
   – –
   – –
W\SH6.SHJPDWLWHV>PFOXVWHULQJGLVW@
–   % 
W\SH6.±/SHJPDWLWHV>PFOXVWHULQJGLVW@
   $ 
   – –
W\SH6/SHJPDWLWHV>PFOXVWHULQJGLVW@






 WUHQGFODVVL¿FDWLRQ LVEDVHGRQ WKHRQHRI IDXOWVSRSXODWLRQV VHH
)LJ LW LVGHWHUPLQHGIRUFOXVWHUV!SRLQWVDQGIRUFOXVWHUHOOLSVH
VKDSHUDWLR!
 HOOLSVH VKDSH UDWLR YDOXH LV E\ GH¿QLWLRQ LQ¿QLWH IRU ³ SRLQWV
FOXVWHUV´











¿HOGDQGPLFURVWUXFWXUDO VWXGLHVDUHQHHGHG WR WHVW WKLV
ZRUNLQJK\SRWKHVLV
7R FRQFOXGH WKLV PHWKRG LV UHDOO\ VXLWDEOH WR VWXG\
VSDWLDO UHODWLRQVKLSV EHWZHHQ SHJPDWLWHV DQG WKHLU HQ-










/RQGRQ IRU WKHLU FRQVWUXFWLYH DQG LQWHUHVWLQJ UHPDUNV
(GLWRULQ FKLHI9RMWHFK -DQRXVHN DQG$VVRFLDWH (GLWRU
3DYHO8KHUIRUWKHLUFRQVWUXFWLYHFRPPHQWVWKDWFRQVLG-
HUDEO\ LPSURYHG WKH TXDOLW\ RI WKH PDQXVFULSW 0LFKHO
&XQH\ IRU KLV SDUWLFLSDWLRQ RQ WKH ODVW ¿HOG FDPSDLJQ
DQGIRUVKDULQJKLVNQRZOHGJHGXULQJRXUGLVFXVVLRQVRI
WKH VWXG\ DUHD/DXUHQW*XLOORX)URWWLHU IRUPDQXVFULSW
KDQGOLQJ DQG 1LFRODV &KDUOHV DQG$UQDXG9LOODURV IRU




ALLANIC C, GUMIAUX C$UHWKHUHDQ\DFWLYHIDXOWV
ZLWKLQ/HSRQWLQH'RPH&HQWUDO$OSV"%XOO6RF*pRO
)UDQFH
ARÈNE J, AUTRAN D, COFRANT H, LABERNARDIÈRE L, BURNOL 
L *HRORJLFDOPDSRI)UDQFH  VKHHW
%RXUJDQHXI%5*02UOpDQV
AUBERT G (1969) *UDQLWLFFXSRODVRI0RQWHEUDVDQG(FKDV-
VLqUHV )UHQFK0DVVLI&HQWUDO DQG WKHJHQHVLV RI WLQ, 
OLWKLXP WXQJVWHQDQGEHU\OOLXPPLQHUDOL]DWLRQV0pP
%XU5HFK*pRO0LQ±LQ)UHQFK
AUDRAIN J, VIGNERESSE J, CUNEY M, FRIEDRICH M 
*UDYLPHWULFPRGHODQGWKHHPSODFHPHQWRI6DLQW6\O-
YHVWUH SHUDOXPLQRXV JUDQLWLF FRPSOH[ )UHQFK 0DVVLI
&HQWUDO&5$FDG6FL3DULV±LQ)UHQFK










BLEACHER JE, GLAZE LS, GREELEY R, HAUBER E, BALOGA 




























DQG (QYLURQPHQWDO *HRFKHPLVWU\ YRO  (OVHYLHU
$PVWHUGDPSS±
CASSARD D, BILLA M, LAMBERT A, PICOT JC, HUSSON Y, 
LASSERE JL, DELOR C*ROGSURVSHFWLYLW\PDSSLQJ
LQ )UHQFK *XLDQD XVLQJ DQ H[SHUWJXLGHG GDWDGULYHQ
DSSURDFKEDVHGRQDUHJLRQDOVFDOH*,62UH*HRO5HY
±
CATHELINEAU M, BOIRON MC, HOLLIGER P, POTY B 
0HWDOORJHQHVLVRIWKH)UHQFKSDUWRIWKH9DULVFDQRURJHQ
3DUW ,,7LPH±VSDFH UHODWLRQVKLSV EHWZHHQ 8$X DQG
6Q±: RUH GHSRVLWLRQ DQG JHRG\QDPLF HYHQWV ± PLQ-
HUDORJLFDODQG8±3EGDWD7HFWRQRSK\VLFV±
CHAPPELL BW, WHITE AJR 7ZRFRQWUDVWLQJJUDQLWH
W\SHV3DFL¿F*HRO±
CHEILLETZ A, ARCHIBALD DA, CUNEY M, CHAROY B
$U$UGDWLQJRIWRSD]±OHSLGROLWH%HDXYRLUOHXFRJUDQ-
LWH DQG &KqGHYLOOH VRGLXP±OLWKLXP SHJPDWLWHV 1RUWK















COWIE PA, SORNETTE D, VANNESTE C 0XOWLIUDFWDO
VFDOLQJSURSHUWLHVRIDJURZLQJIDXOWSRSXODWLRQ*HRSK\V
-,QW±
CUNEY M, FRIEDRICH M, BLUMENFELD P, BOURGUIGNON A, 









CUNEY M, ALEXANDROV P, LE CARLIER DE VESLUD C, CHEIL-









PLQHUDOL]DWLRQ LQ UDUHHOHPHQW JUDQLWLF SHJPDWLWHV LQ
WKHOLJKWRIFXUUHQWUHVHDUFK$SSO*HRFKHP±





DEMARTIS M, PINOTTI LP, CONIGLIO JE, D’ERAMO FJ, TUBIA 










ECKLEY DC, CURTIN KV(YDOXDWLQJWKHVSDWLRWHP-
SRUDOFOXVWHULQJRIWUDI¿FLQFLGHQWV&RPS(QY8UE6\V
±







FLAGEOLLET JC, CHANTRAINE J, RANCHIN G, BURNOL L, MAR-
QUAIRE C, GEFROY J, GUYONNAUD G *HRORJLFDO
PDSRI)UDQFHVKHHW$PED]DF%5*0
2UOpDQV



















HOTTIN A, DELBOS R, PELLATON C, DUPUIS J, USNARKI G, 
MARCHIOL A, VECSEI A*HRORJLFDOPDSRI)UDQFH
VKHHW0DJQDF/DYDO%5*02UOpDQV
LQ)UHQFK
KISKOWSKI MA, HANCOCK JF, KENWORTHY AK2QWKH
XVHRI5LSOH\¶V.IXQFWLRQDQGLWVGHULYDWLYHVWRDQDO\]H
GRPDLQVL]H%LRSK\V-±












FU\VWDOOL]DWLRQ DQG QDWXUH RI VRGLXP PHWDVRPDWLVP
&DQDG0LQHUDO±
Sarah Deveaud, Charles Gumiaux, Eric Gloaguen, Yannick Branquet
182





LARKIN RP, GUMPERTZ ML, RISTAINO JB*HRVWDWLV-
tical analysis of PhytophthoraHSLGHPLFGHYHORSPHQW












MARIGNAC C, CUNEY M2UHGHSRVLWVRIWKH)UHQFK
0DVVLI &HQWUDO LQVLJKW LQWR WKH PHWDOORJHQHVLV RI WKH
9DULVFDQFROOLVLRQEHOW0LQHU'HSRV±
MARTINS T  0XOWLGLVFLSOLQDU\ VWXG\ RI SHJPDWLWHV
DQG DVVRFLDWHG/L DQG6Q±1E±7DPLQHUDOL]DWLRQ IURP
WKH %DUURVR±$OYmR UHJLRQ 8QSXEOLVKHG 3K' WKHVLV
8QLYHUVLGDGGR3RUWRSS±LQ3RUWXJXHVH
MOLLIER B, BOUCHEZ JL 0DJPDWLF VWUXFWXULQJRI
WKH %UkPH±6DLQW 6\OYHVWUH±6DLQW *RXVVDXG JUDQLWLF
&RPSOH[/LPRXVLQ)UHQFK0DVVLI&HQWUDO&5$FDG
6FL3DULV±LQ)UHQFK




NORTON JJ, REDDEN JA5HODWLRQVRI]RQHGSHJPDWLWHV
WRRWKHUSHJPDWLWHVJUDQLWHDQGPHWDPRUSKLFURFNVLQ









RI UDUHPHWDO GHSRVLWV DQ LQWURGXFWLRQ DQG RYHUYLHZ
(FRQ*HRO±














ROZAS V, ZAS R, SOLLA A6SDWLDOVWUXFWXUHRIGHFLGX-
RXV IRUHVW VWDQGVZLWKFRQWUDVWLQJKXPDQ LQÀXHQFH LQ
QRUWKZHVW6SDLQ(-)RUHVW5HV±
SCAILLET S, CHEILLETZ A, CUNEY M, FARRAR E, AR-
CHIBALD DA  &RROLQJ SDWWHUQ DQG PLQHUDO-










SORNETTE A, DAVY P, SORNETTE D*URZWKRIIUDFWDO
IDXOWSDWWHUQV3K\V5HY/HWW±








VAILLANT M, JOUANY JM, DEVILLERS J$PXOWLFULWHULD
HVWLPDWLRQRIWKHHQYLURQPHQWDOULVNRIFKHPLFDOVZLWK
WKH6,5,6PHWKRG7R[LFRO0RGHO±




VELDE B, DUBOIS J, MOORE D, TOUCHARD G)UDFWDO
SDWWHUQVRI IUDFWXUHV LQJUDQLWHV(DUWK3ODQHW6FL/HWW
±
VIDAL PH, GRIFFITHS B, COCHERIE A, LE FORT P, PEUCAT JJ, 
SHEPPARD SMF*HRFKHPLFDOFRPSDULVRQEHWZHHQ
+LPDOD\DQ DQG +HUF\QLDQ OHXFRJUDQLWHV 3K\V (DUWK
3ODQHW,QWHU±





WILKINS DE, FORD RL 1HDUHVWQHLJKERUPHWKRGVDS-
SOLHGWRGXQH¿HOGRUJDQL]DWLRQWKH&RUDO3LQN6DQG'XQH
.DQH&RXQW\8WDK86$*HRPRUSKRORJ\±
